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(54) rule: VACCI NE COMPOSITION 



(57) Abstract 



The present invention relates to a vaccine composilii>n for intraperitoneal administration to stimulate IgA response, com- 
prising an antigcnically active substance in a vegetable oil vehicle, and optionally an adjuvant and in particular relates to a vac- 
cine composition which stimulates a protective immune response against post weaning enteritis and enzootic pneumonia m pigs. 
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-VACCINE COMPOSITION- 

This invention relates to a vaccine composi t ion 
for stimulation of an effective IgA response in the 
intestine, in particular it relates to a vaccine for 
intraperitoneal use in conunercial applications . 
5 Attempts to potentiate production at mucosal 

surfaces of local antibodies against speci f ied 
antigens have not been as successful as systemic 
immunization. This largely reflects lack of 
information regarding mechanisms of immune responses 
10 at local sites. Thus many systemic disf»:ises are 
controlled by immunization of the systemic immune 
system yet the control of diseases by production of 
local antibodies at mucosal surfaces has not realised 
its full potential. In particular, diseases 
15 affecting young animals in intensive livestock 

production enterprises cause significant economic 
loss in these industries- For example in the pig 
industry occasional mortality reaching 30% can occur 
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after weaning because of the lack of protection of 
animals at this age against environmental pathogens, 
usually E.CQli > 

The reasons for the high susceptibility at this 

5 stage are the lack of development of innate mucosal 
immunity in animals under one month of age and the 
commercial pressures for early weaning usually at 
four weeks of age. The sudden withdrawal of the 
blanket protection provided by maternal and milk 

10 antibodies, which in themselves have contributed to 
delayed onset of endogenous immunity in the neonates, 
leaves these animals highly susceptible to enteric 
infection. Despite numerous attempts to provide 
active protection by immunization the successes have 

15 been few. The reasons for this hinge on the lack of 
responsiveness of the intestine to environmental 
antigens reflected in poor responses to oral 
immunization. One method of immunization presently 
in use involves addition of E.coli antigens to the 

20 solid feed offered to young pigs during their 
suckling period. This long term exposu 3 has 
resulted in protective immunity but is an extremely 
expensive feed additive vaccine and is usually sold 
with commercially prepared food products, 

25 The present invention is directed to a novel 

vaccine composition which may be used, in one 
application, in the control of enteric disease in 
young animals. 

Enteric disease remains one of the greatest 

30 causes of mortality and morbidity among domestic 

livestock, particularly young animals and especially 
in intensive rearing enterprises. The continual 
ingestion of potentially pathogenic material 
represents a barrage of antigens against which 
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intestinal inunune mechanisms provide the first line 
of defence. Effective protection of suckling 
neonates can be achieved by passive transfer of 
antibody via colostrum and milk after systemic 

5 immunization of the dam (Porter, 1979; Saif et al., 
1983), however these animals remain at risk during 
the post-weaning period unless active intestinal 
immunity can be established. 

In view of the demonstrated potential for the 

10 intestine to provide cellular and molecular effectors 
for remote mucosal sites (Husband, 1985) successful 
stimulation of IgA responses in the intestine can be 
expected not only to provide protection against 
enteric disease but, using appropriate antigens, also 

15 to protect remote sites. Attempts to achieve IgA 

responses in the intestine by oral immunization with 
non-replicating antigens have been characterized by 
ineffective responses of short duration, unless long 
term dosage is administered (Rowley, 1977; Newby and 

20 Stokes, 1984). Intraperitoneal (IP) immunization 

with antigen emulsified in Freund's complete adjuvant 
(FCA) on the other hand has produced effective 
intestinal IgA responses in rats (Pierce and Gowans, 
1975), sheep (Beh et al., 1979; Husband, 1980; 

25 Husband et al., 1979) and pigs (Bennell and Husband, 
1981; Husband and Seaman, 1979), presumably by 
producing inflammation of the intestinal serosa 
allowing antigen access to Peyer's patches. However 
FCA, which provides a mineral oil vehicle together 

30 with whole mycobacterial cell adjuvants, is 

unacceptable for routine use in commercial herds 
because it causes intense peritonitis and persistent 
mesenteric lesions when administered by the IP 
route. These lesions are unacceptable commercially 
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in terms of carcass quality and are easily mistaken 
by meat inspection staff as indicative of infectious 
processes . 

Enzootic pneumonia caused by Mycoplasma 
5 hyooneumoniae is a major health problem of pigs 

(Muirhead, 1987). In Australia, Pointon et al (1988) 
have shown that growth rate is reduced by 13% - 16% 
in pigs slaughtered at 85 kg, and these findings are 
similar to other reports from overseas (Goodwin 1963; 
10 Betts and Beveridge 1953; Muirhead 1987). Effective 
control of the disease requires recommended 
management procedures (Muirhead, 1987) and the use of 
antibiotics as a feed additive, fed either 
continuously or for intervals of about 1-2 weeks 
15 (Muirhead, 1987). However, the continuing use of 

antibiotics as a feed additive is under consideration 
(Webster, 1987) although the arguments against the 
use of antibiotics are not clear-cut (du Pont and 
Steele, 1987). An effective vaccine for controlling 
20 enzootic pneumonia would be of great benefit for the 
control of the disease. Numerous studies have 
assessed the immune response, lung pathology and 
microflora following immunization. Early 
observations indicated that older breeding animals 
25 had a lower prevalence of pneumonia, and that young 
animals with symptoms of pneumonia were free from 
. pneumonia by the time they reached slaughter (Lannek 
and Bornfors, 1957). These findings suggested that 
immune mechanisms may be stimulated to offer 
30 long-term protection against further infection with 
^ . hyopneumoni ae . Several studies (Lannek and 
Bornfors, 1957; Goodwin et al, 1969) showed 
significant protection against challenge with 
M. hvopneumoniae in animals previously inf cted with 
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fi . hvooneumoni ae . In on xperiment this interval was 
extended to about 58 weeks (Goodwin et al, 1969) and 
still the animals showed a greater degree of 
protection than the control group. Further 
experiments investigated immunizing the sow and the 
role of colostral antibodies in protecting the 
offspring (Durisic et al, 1975; Kobisch et al, 1987) 
and these results, particularly of the latter study, 
look encouraging. A number of studies have also 
investigated the role of parenteral vaccination 
(Etheridge and Lloyd, 1982; Lam and Switzer, 1971; 
Goodwin and Whitt lestone, 1973; Ross et al, 1983; 
Weng, 1985) and these results have also appeared 
encouraging. Despite this there is no effective 
vaccine available commercially. 

The respiratory tract forms part of the common 
mucosal immune system (Bienenstock and Befus, 1980) 
and this is confirmed for the pig by further studies 
(Sheldrake et al 1988; Sheldrake, 1989 a, b) . Those 
studies have indicated that it is possible to 
generate antigen-specific antibody producing cells in 
the tracheal lamina propria and specific antibody in 
trachael secretions after interoper i toneal (IP) 
immunization using Freund's Complete Adjuvant and 
5 subsequent tracheal challenge without adjuvant. In 
those studies it was propsoed that the IP 
immunization stimulated antibody precursor cells in 
the Peyer's patches. These cells entered the 
circulation, extravasated to all epithelial surfaces 
0 including the lamina propria of the trachea, and 

proliferated following further antigenic challenge of 
the trachea (Husband and Gowans, 1978). Recent 
results (Lloyd t al 1989) show that IP immunisation 
with a live att nuated strain of M . hvopneumoni ae 
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protect the lung against chall nge with 

The present invention provides suitable vaccine 
vehicle preparations for IP use in domestic livestock 
5 to provide effective IgA immunity without undesirable 
side effects. 

According to the present invention there is 
provided a vaccine composition for intraperitoneal 
administration to stimulate an IgA response, 
IQ comprising an antigenica 1 ly active substance in a 
vegetable oil vehicle, and optionally an adjuvant. 

The present invention also provides a method of 
stimulating an IgA response in an animal which 
comprises intraperitoneal administration to said 
animal of a vaccine composition comprising an 
ant igenical ly active substance in a vegetable oil 
vehicle, and optionally an adjuvant* 

The antigenically active substance may for 
example, be selected to provide a killed E . col i 
20 antigen IP vaccine against postweaning enteritis in 
pigs, a Salmonella tvohimurium antigen IP vaccine 
against postweaning enteritis in lambs, or a killed 
Mycoplasma hvopneumoniae IP vaccine against porcine 
enzootic pneumonia. It will be appreciated, however, 
25 that the antigenically active substance is not 

restricted to these particular examples and can in 
fact be selected from known antigens depending upon 
the nature of the immune response required. 

In work leading to the invention, it has been 
30 demonstrated that a vehicle based on vegetable oil 
with natural emulsifiers (such as phosphatidyl 
choline) to achieve a stable oil-in-water emulsion 
can be administered intraperitoneal ly without causing 
any apparent mesenteric lesions or other undesirable 
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side effects. To provide adjuvant activity in these 
formulations, either saponin, whole killed 
mycobacterium or purified mycobacterial cell wall 
extracts (muramyl dipeptide - MDP) may be used. 
5 These formulations have been shown in small animal 
experiments to be equivalent in promotion of IgA 
responses from the intestine to the previously used 
Freund's adjuvant formulations. Field trials have 
also indicated that using appropriate serotypes of 
10 E.coli in these formulations, substantial benefits in 
reduced mortality and morbidity in pigs due to post 
weaning enteritis can be achieved. 

Although both saponin and MDP have been 
demonstrated to be effective adjuvants, MDP is 
15 considered to be superior in view of its ability to 
generate a response with a higher IgA component. 
Saponin may be of greater benefit when used in 
association with a membrane-bound antigen in view of 
its previously demonstrated ability to promote 
20 responses to sheep red blood cells but not bovine 
serum albumin, interpreted as a reflection of its 
binding affinity for membrane cholesterol (Bomford, 
1980) . It has also been shown to be a particularly 
good adjuvant for protozoal vaccines (Mitchell et 
25 al., 1979). Its routine use may be limited however 
by its reported haeraolytic effects (Glauert et al., 
1962) although there was no evidence of haF:molysis in 
the present experiments. The ability of saponin to 
promote responses to membrane-presented antigens 
30 provided the rationale for its incorporation into 
liposome vesicles but this adjuvant/vehicle 
combination has not been found to be as effective as 
the vegetable oil emulsion in promoting IgA responses 
after IP administration. 
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The efficacy of MDP as an adjuvant for both IP 
and int ra-duodenal (ID) presentation as found in the 
present invention is in accord with other reports 
(Kiyono et al., 1982). MDP is the purified 
peptidoglycan moiety of the cell wall of 
mycobacter ium and performs equally well whether 
presented in its purified form or as a whole killed 
mycobacterium additive. Its incorporation into a 
vegetable oil emulsion has enabled its adjuvant 
effects to be expressed while held in the mesentery 
in depot form, but without eliciting the gross 
granulomatous lesions caused by the mineral oil 
component of FCA. 

Preferably the vegetable oil used as the vehicle 
is safflower oil or sunflower oil, however it will be 
appreciated that this invention is not restricted to 
these particular oils. A particularly preferred 
vehicle/adjuvant combination for IP use in accordance 
with this invention is based on a vegetable oil 
emulsion with a purified muramyl dipeptide or killed 
M. bovis adjuvant. 

The vaccine composition of this invention may be 
formulated as a stable vegetable oil emulsion, or in 
the form of liposomes. 

The fact that IP administration of vaccines can 
now be considered as a practical alternative to oral 
immunization for stimulating IgA responses in the 
intestine of domestic livestock species, for example, 
using an MDP adjuvanted vegetable oil vaccine 
described here, has potential beyond its immediate 
benefit in control of enteric disease. There is now 
convincing evidence that both precursor cells of IgA 
specificity and molecular IgA originating from the 
intestine play an important role in protection of 
remote mucosal sites, particuarly the respiratory 



tract, urinary tract and in some species the mammary 
gland (Husband, 1985). Harnessing this potential 
depends on satisfactory stimulation of an intestinal 
response. Thus an IP vaccine incorporating 
appropriate relevant antigens could assist in control 
of diseases at many mucosal sites. 

The following detailed description contained in 
the Examples demonstrates the effectiveness of 
vaccine compositions of this invention. 

EXAMPLE 1: 

In this example, two adjuvants, saponin (McColm 
et al., 1982) and muramyl dipeptide (MDP) (Kiyono et 
al., 1982) were tested, chosen on the basis of their 
availability, ease of preparation and demonstrated 
ad juvanticity in systemic immunization applications. 
The various antigen-adjuvant combinations were ^ 
injected either in vegetable oil emulsion or liposome 
(Shek and Sabiston, 1981) vuh^cles representing 
biodegradable alternatives to the mineral oil 
component used in FCA. 

A. MATERIALS AND METHODS: 
A. 1 Animals 

Adult inbred PVG strain rats were used to assess 
responses to the various vaccine combinations. In 
some experiments, selected preparations were 
administered to sheep and adult Border Leicester X 
Merino crossbred wethers were used. 

A. 2 Vaccine Formulations 

For all experiments the soluble protein antigen 
ovalbumin (OVA) (Grade V, Sigma) was used. The 
lyophilised protein was dissolved in phosphate 
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buffered (pH 7.3) saline (PBS) and, with the 
exception of liposome preparations, the concentration 
was adjusted such that all vaccine formulations 
contained 500 ^ig OVA per IP dose for rat experiments 
5 and 50 mg per dose for sheep. For liposome 

preparations the aqueous phase contained 10 mg/ml OVA 
( see below) . 

The adjuvants tested were added to OVA solutions 
as follows: saponin was dissolved in dimethyl 

10 sulphoxide and added to aqueous phase OVA to provide 
a final concentration of 2 mg/ml saponin and 10% v/v 
dimethyl sulphoxide (McColm et al., 1982); MDP 
( N-acetylmur amyl-L-alanyl-D-isoglutamine, Sigma 
Chemical Co*, St. Louis, USA) was added to OVA 

15 solution to a final concentration of 1 mg/ml (Kiyono 
et al., 1982). As an alternative source of MDP in 
some experiments heat killed Mycobacterium bovis 
(CSL, Melbourne, Australia) was added at the rate of 
0.5 mg/ml. 

20 Aqueous phase preparations were either emulsified 

in safflower oil or incorporated into liposome 
vehicles. Stable oil-in-water emulsions were 
prepared by addition of equal volumes of oil and 
adjuvanted protein solutions and the natural 

25 emulsif ier phosphatidyl choline (obtained as soybean 
extract lecithin, Norganic-Anaheim, USA) added at 
7.5% v/v. This mixture was emulsified by repeated 
syringeing through a 19 gauge needle. OVA-containing 
liposomes were prepared by the method of Shek and 

30 Sabiston (1981). Lipid phase, consisting of 

dipalmi toy Iphospha tidy Icho line , cholesterol and 
phosphatidic acid in molar ratios of 2:1.5:0.2, was 
dried onto flasks using a rotary evaporator. Aqueous 
phase (containing OVA (10 mg/ml), MDP (Img/ml) and 
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saponin (2 mg/ml) in PBS) was entrapped in lipid 
vesicles by vigorous shaking for 5 min. after 
addition to the flask. Liposomes were washed twice 
in PBS by centrif ugat ion at 1000 g for 5 min. and 
5 rcsuspended in an equal volume of PBS. 

A. 3 Inmunization Procedures 

Immunization protocols were based on those 
previously established, using OVA+FCA, for the 

10 stimulation of IgA responses in rats (Pierce and 

Gowans, 1975) and sheep (Husband et al,, 1979). Rats 
were primed IP by injection of 0.4 ml of vaccine into 
the peritoneal cavity and then challenged 
intraduodenally (ID) 14 days later by injection of 

15 0-5 ml OVA (10 mg/ml), with or without adjuvants , 
directly into the lumen of the duodenum exposed by 
laparotomy. They were killed 5 days later and tissue 
collected. Previous studies have indicated that 
contrary to the situation in rats, sheep produce an 

20 IgA specific response to IP injection of OVA+FCA 

without the need for subsequent ID challenge (Husband 
et al., 1979). Thus sheep were immunized by a single 
IP injection of 10 ml vaccine and were sacrificed 14 
days later. At post mortem all animals were 

25 inspected for mesenteric lesions. 

A. 4 Enumeration of anti-ovalbumin-containinq 

trills ^AOCO 

AOCC and their class specificity were detected in 
30 sections of intestine (mid--^ e junum) collected after 
sacrifice. Tissues were pr* cessed by cold ethanol 
fixation and paraffin embedding (Sainte-Marie, 
1962). A double fluorochrome labelling technique was 
used to stain simultaneously for AOCC and IgA isotype 
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specificity- All tissues were sequentially incubated 
with OVA (1 mg/ml) and fluorescein isothiocyana te 
(FITC) -con jugated rabbit anti-OVA. Rat tissues were 
then incubated with goat anti-rat IgA (heavy chain 

5 specific) . The preparation of these reagents has 

been described previously (Husband and Dunkley, 13C5; 
Sheldrake and Husband, 1985) . Sections were washer! 
extensively in PBS after each staining step. Cells 
were observed by narrow band selective excitation of 

10 FITC or TRITC using incident light illumination, 
AOCC were enumerated in scans of 1 field diameter 
width (330 HJn at x500 magnification) from the 
epithelium to the serosa in 50 fields and results 
expressed as AOCC per cm of intestine (1 cell/scan « 

15 30.3 cells/cm). 

B . RESULTS 

All preparations were initially screened in rats 
for their ability after IP injection to prime for an 

20 IgA-specific intestinal AOCC response following ID 
challenge with OVA in PBS. The bench-mark for 
comparison was OVA in FCA, an adjuvant/vehicle 
combination which has been demonstrated previously to 
provide protective IgA immune responses in the 

25 intestine after IP administration (Pierce and Gowans, 
1975; Husband, 1980; Husband and Seaman, 1979). The 
results in Table 1 confirm the efficacy of this 
vaccine in establishing an IgA-specific AOCC response 
(Experiment 1) . 
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TABLE 1 

Intestinal AOCC response in rats following IP administration of OVA with 
various adjuvant/vehicle preparations. 



Expt. 


IP 


ID 


AOCC/on 


X I9A 


No. 








AOCC 


Rats 


1. 


OVA+FCA 


OVA 


102.3 t 5.4 


79.7 1 2.1 


13 


2. 


OVA 


OVA 


4.1 t- 1.4 




13 


3. 


OVA+OIL 


OVA 


6.4 t 3.6 




9 


4. 


OVA+SAP 


OVA 


28.7 t 9.1 


60.0 t 5.4 


9 


5. 


0VA4MDP 


OVA 


43.3 t. 5.9 


57.0 t 14.5 


4 


6. 


OVA+SAP+OIL 


OVA 


53.6 t 14.4 


30.8 i 9.54 


4 


7. 


OVA-»-MOP*OlL 


OVA 


80.2 = 3.9 


82.7 i 1.59 


12 


8. 


OVA■^M.bovis♦OIL 


OVA 


77.5 2 5.7 


65.4 1 2.6 


4 



Values are means i standard error of data from tne number of rats indicated. 
(FCA - Freund's complete adjuvant; OIL * saf flower oil; SAP « saponin; 
MDP • muramyl dipeptide). 
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On the other hand OVA given IP without either 
adjuvant or vehicle generated a very small response 
in the intestine (Experiment 2) and this was not 
improved if the OVA was delivered in a stable 
5 emulsion with vegetable oil vehicle (Experiment 3). 
The response was markedly improved however by 
addition of the adjuvants saponin or MDP to OVA 
(Experiments 4 and 5) and when these antigen/adjuvant 
mixtures were incorporated into a vegetable oil 
10 emulsion (Experiments 6 and 7) the response was 

further improved, although not to the level of that 
achieved with OVA+FCA. MDP was marginally superior 
to saponin in terms of the total AOCC respons*^ but 
the use of MDP adjuvant resulted in a higher 
15 proportion of AOCC of IgA specificity. The 

possibility of using whole killel MtbQvls organisms 
as a substitute for MDP was investigated (Experiment 
8), and this formulation delivered in vegetable oil 
emulsion produced an AOCC response equivalent to that 
20 obtained with OVA+MDP in vegetable oil emulsion but 
with a slightly reduced IgA component. 

At post mortem examination rats given OVA+FCA 
(Experiment 1) had extensive mesenteric granulomatous 
lesions with multiple adhesions. However, none of 
25 the animals given any of the other vaccine 

formulations shown in Table 1 had any evidence of 
peritonitis or lesions and their mesenteries appeared 
normal in all respects . 

The results in Table 1 show that both saponin and 
30 MDP have adjuvant activity for IgA responses to OVA 
when given IP, especially if delivered in an oil 
emulsion, but that MDP is marginally superior in this 
regard. Since MDP has also been used effectively as 
an oral adjuvant for IgA responses (Kiyono et al.. 
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1982) further ezp rim nts w r undertaken to d t rmin 
wh th r the r spons s obtain d with MDP or saponin 
d liver d IP in oil mulsions could be improved if MDP 
was also added to the ID chall ng . Th data in Table 

5 indicate that greatly enhanced AOCC responses were 

achieved by these treatments which exceeded those 
obtained in rats immunized IP with OVA^FCA and 
challenged with OVA in PBS (Experiment 1, Table 1). 
Again^ the rats immunized IP with vaccine containing 

xo MDP responded marginally better than those given the 
saponin vaccine, although in this case the IgA 
component was reduced. 



TABLE 


2 - 


Zffect Of addition of MDP adjuvant to ID 
challenge on the Intestinal AOCC response 
rats. 


In 


Expt. 


IP 


ID 


AOCC/cm XlgA 
AOCC . 


No. 
Rats 


9. 
10. 


OVA+SAP+OIL 
OVA+MOP+OIL 


OVA+MDP 
OVA+MDP 


110.0 ! 10.5 86.9 t 3.6 
123.4 ♦ 8.9 65.6 ♦ 1.3 


6 
9 



Values are means t standard error of data from the number of rats 
Indicated. (OIL - safflower oil; SAP » saponin; MDP » muramyl 
dipeptlde). 



While these results show that MDP and saponin 
25 given in vegetable oil emulsion provide an alternative 
to FCA for IP stimulation of IgA responses, the 
success of liposomes in systemic antigen delivery 
(Kramp et al., 1979) suggested their potential as an 
additional alternative vehicle for IP use. Liposomes 
30 were prepared incorporating both MDP and saponin and 
injected IP (Table 3). However, after ID challenge 
with OVA with or without MDP, the resultant 
IgA-sp cific AOCC r spons in the int stin was only 
small (Ezperim nts 11 and 12). A similar response 

SUBSTITUTE SHEET 
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occurred with OVA-liposomes were used for both th IP 
immuniration and ID challenge (Experiment 13). No 
m senteric 1 sions appeared in any of th se animals at 
post morteiD injection. 

TABLE 3 - Effect of liposome vehicle for IP and/or ID 

delivery on Intestinal AOCC response in rats. 



Expt. IP ID AOCC/cm XlgA No. 

AOCC Rats 



11. 


OVA/LIPOSOMES 


OVA 


17, 


.8 i 


5. 


,7 


36.7 


♦ 


5 


.7 


5 


12. 


OVA/LIPOSOMES 


OVA+MDP 


22 


.4 ♦ 


6. 


.3 


33.9 


♦ 


4 


.6 


4 


13. 


OVA/LIPOSOMES 


OVA/LIPOSOMES 


18 


.4 ♦ 


5. 


.4 


43.6 




3 


.2 


5 


14. 


OVA+MDP+OIL 


OVA/LIPOSOMES 


124 


.9 i 


13. 


.9 


79.3 


♦ 


0 


.9 


4 



Values are means t standard error of data from the number of rats 
Indicated. (OIL = saff lower o1l; SAP = saponin; MOP = muramyl 
dipeptlde). 



Liposomes did however appear to have a role in 
mucosal antigen delivery since rats immunized IP with 
OVA+MDP in vegetable oil but challenged ID with 
OVA-liposomes produced on outstanding response 
5 (Experiment 14)/ greater than that achieved by OVA+FCA 
and equivalent to that obtained by IP immunization 
with OVA-fMDP in vegetable oil and ID challenge with 
OVA+MDP. 

In view of the promising results obtained by 
10 incorporation of OVA+MDP in vegetable oil emulsions 
for IP administration, the extension of this to large 
animal use vas investigated. In sheep, contrary to 
rats, a single IP dose of OVA+FCA is sufficient to 
stimulate a large population of AOCC in the intestine, 
15 about half cf which are IgA-specific (Husband et al,, 
1979). Because of the prohibitive expense of scaling 
up to the dose required if commercial purified MDP 
wer used, and in view of the demonstrat d capacity 

SUBSTITUTE SHEET 
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for killed M.bovis to r plac MDP (Table 1) sh ep were 
given an IP vaccine containing OVA emulsifi d in 
veg tabl oil with m. bovis adjuvant. The data in 
Tabl 4 indicate that wh reas OVA given IP without 
adjuvant or v hicl produc d virtually no int stinal 
AOCC response in sheep, ova-»m. bovis in vegetable oil 

mulsion produced an AOCC response equivalent in 
magnitude to that observed with OVA-i-FCA, but with an 

levated proportion of AOCC of the igA isotype. 



TABLE 4 - Intestinal AOCC response In sheep following IP 

administration of OVA with various 
adjuvant/vehicle preparations. 



IP 


AOCC/cm 


XlgA AOCC 


No. Sheep 


OVA 


2.5 i 2.5 




4 


OVA+FCA 


87.0 1 14.0 


55.0 i 3.5 


6 


nVA+M.hnvi^+nTl 


68.9 i 4.1 


75.1 i 3.7 


4 



Values are means t standard error of data from the number of sheep 
Indicated- (FCA « Freund's complete adjuvant; OIL » saff lower oil). 



C. DISCUSSION: 

These experiments demonstrate that a vaccine 
formulation based on vegetable oil vehicle adjuvanted 
with whole M, bovis cells can be used to replace FCA in 

25 large animal applications. Thus an IP vaccine 

incorporating appropriate relevant antigens could 
assist in control of enteric diseases and, by virtue 
of the common mucosol immune system, contribute to 
immunity at other mucosal sites (e.g. lungs, 

30 urogenital tract, etc.)* 
EXAMPLE 2; 

In view of the success of the vegetable oil based 
formulation in stimulating AOCC r spons s in th 
int stine of both rats and sh p, ezp riments hav 
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been undertaken in pigs with a view to (a) 
demonstrating the potential of the vaccine formulation 
to produce IgA AOCC in the gut (Example 2) and (b) the 
ability of this formulation to stimulate a protective 
5 immune response against the organisms responsible for 
post-weaning enteritis (predominantly serotypes of 
coli ) after administration to pigs prior to weaning 
(Example 3) . 

10 A. MATERIALS AND METHODS: 
A.l Animals 

Landrace X Large White gilts aged 19-20 weeks were 
obtained from a commercial breeding herd. 

15 A-2 Vaccine Formulation 

A vaccine containing OVA in vegetable oil vehicle 
with M. bovis adjuvant was prepared as described for 
sheep experiments (Section A,2 in Example 1). OVA+FCA 
was also prepared as described in Example 1. 

20 Since previous experiments in pigs had established 

that oral challenge with soluble OVA containing 
DEAE-Dextran enhanced the IgA AOCC response after 
immunization with OVA+FCA (Bennell and Husband, 1981), 
additional experiments were undertaken to investigate 

25 the role of oral challenge in responses obtained with 
the vegetable oil alternative vaccine. 

A. 3 Immunization Procedures 

Animals were randomly allocated to one of four 
30 treatment groups as outlined in Table 5. 
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TABLE 5 

Experimental design for assessment of alternative vaccine formulations i; 
pigs 



Treatment Group 


Day 0 




Day 1< 


Days 15-20 


i/OJr C J 


Group 1 


OVA 4 


FCA 


OVA 




Kill 




IP 




oral 




Group 2 


OVA 


FCA 


OVA - Dex 


OVA * Dex 


Kill 




IP 




oral 


o^al daily 


Group 3 


OVA ♦ 


VEG 


OVA 




Ki:: 




IP 




oral 




Group 4 


OVA * 


VEG 


OVA Dex 


OVX ♦ Dex 


Kill 




IP 




oral 


o-al daily 



Notes : 

n « 5 per group 

Su? * r.^? " "S/^^J * l.S ml Freund-s complete adjuvant 

OVA + VEG - 1.5 ml OVA (10 mg/ml ) ♦ 1 . 5 ml vegetable oiul adjuvant 

0V« oral - 50 b1 OVA (10 mg/ml) by stomach rube 

OVA oral * Dex . 50 ml OVA (10 mg/ml) ^ 2.5 g DEAE-Dextrar. by stomacr. 
tuDe. 
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At sacrifice animals were bled and intestinal 
tissues (mid- jejunum) obtained for histological 
assessment of AOCC responses as described in Example 
1. Sections were stained by sequential incubation 
with OVA (Img/ml), fluorescein isothiocyanate 
(FITC)-con jugated rabbit anti-OVA and 

tetramethylrhodamine isothiocyanate (TRITC) -con j ugated 
rabbit anti-porcine IgA (heavy chain specific). In 
addition, antibody titras to OVA in intestinal 
secretions and blood plasma were assayed using an 
isotype-specif ic anti-OVA ELISA. 

B . RESULTS 

The AOCC response following vaccination in each of 
the groups is shown in Table 6. 

As described previously the IP administration of 
OVA+FCA followed by oral challenge resulted in a 
substantial IgA specific AOCC response in the 
intestine of pigs and the incorporation of 
DEAE-Dextran in the oral challenge enhanced the number 
of AOCC and the proportion which were IgA specific - 
Pigs receiving vegetable oil vaccine also produced an 
AOCC response which was not as great as in pigs 
receiving OVA+FCA but had an equivalent IgA component. 

As expected, all pigs receiving FCA vaccine 
developed lesions and adhesions in the peritoneal 
cavity. However pigs receiving the vegetable oil 
vaccine had no lesions and no abnormalities were 
detected at post mortem examination. 

The IgA-specific and IgG-specific anti-OVA titres 
in blood and intestinal secretions are shown in Tables 
7 and 8 respectively. 
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TABLE 6 

Intestinal AOCC response In pigs following IP administration of OVA in FCA 
or vegetable oil vaccines and oral challenge with or without OEAE-Dextran . 



GROUP NO. PIG NO AOCC/cm XlgA 



179 61. <2 47.06 

180 39.11 35.22 
182 87.32 43.16 

184 40.94 26.52 

185 79.81 23.57 



Mean + SE - 61.72 ± 9.61 35.11 + 4.55 



177 186.95 68.42 

178 133.32 60.00 
181 109.08 80.00 
183 80.90 59.26 
186 218.16 66.67 

Mean ± SE - 145.68 + 25.14 66.87 + 3.74 



187 11.47 15.98 

189 26.01 23.64 

192 19.11 29.44 

193 46.00 29.13 

Mean ± SE - 25.65 ± 7.41 24.55 + 3.15 



198 63.33 78.26 

190 91.04 58.82 

194 9.24 NA 

195 88.31 66.67 

191 56.81 55.56 

Mean ± SE - ^ 61.75 ± 14.74 64.82 ± 5.05 

(74.87 ± 8.67 omitting 194)) 
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loA-specific anti-OVA litres in blood and intestinal contents in pigs 
following IP administration of OVA in FCA or vegetable oil vaccines and 
oral challenge with or without OEAE-Dextran. 



BLOOD INTESTINAL 

CONTENTS 

GROUP NO. PIG NO. DaTo DAY 21 DAY 21 



1 179 <1 25,600 <1 

180 " 1,200 

182 " 4,100 

184 " 8.200 

185 " 30.100 



177 — 9,200 

178 " 10,000 
181 " 330 
183 " 8,000 
186 " 8.000 



187 
189 
192 
193 



28 
156 
26 
50 



4 198 
190 
194 
195 
191' 



170 
600 
62 
190 
160 
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IgG-specific antl-OVA litres in blood and Intestinal contents in pigs 
following IP administration of OVA in FCA or vegetable oil vaccines and 
oral challenge with or without OEAE-Dextran. 



BLOOD INTESTINAL 

CONTENTS 

GROUP NO. PIG NO. OAY~0 DAY 21 DAY 21 



1 179 <1 40,000 <1 

180 " 9,000 

182 " 28,000 

184 " 33,000 

185 " 10,500 



177 " 40.000 

178 " 38,000 
181 " 330 
183 - 51,200 
186 " 17,000 



3 187 
189 
192 
193 



30 
100 

40 
<10 



4 198 " 140 

190 " 440 

194 " <10 

195 " 100 

191 " 135 
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C. DISCUSSION 

Consistent with previous observations (Bennell and 
Husband, 1981), IP administration of OVA+FCA primed 
the gut of pigs such that a substantial ^OCC response 

5 occurred following oral challenge. However only 35% 
of cells were IgA specific. Incorporation of 
DEAE-Dextran in the oral challenge enhanced the AOCC 
response and increased the proportion of cells 
producing IgA-specific antibody. 

10 OVA administered in tLtiiQvis-adj uvanted vegetable 

oil vaccine stimulated a smaller response when oral 
challenge was given as OVA alone but the response was 
substantially increased by repeated oral challenges 
containing DEAE-Dextran* 

15 The reason for the enhanced IgA-specific AOCC 

response with DEAE-Dextran is unclear. DEAE-Dextran 
is a polycation soluble adjuvant and was used by Beh 
at al (1979) to enhance the intestinal response of 
sheep to intraintestinal antigen infusion. It is 

20 possible that the presence of dextran encourages 
precocious differentiation of immature B cells 
resulting in their switch to IgA production at an 
earlier time. Although oral MDP was an effective 
immunostimulant in the preceding experiments its use 

25 large animals is prohibited by cost factors. 

DEAE-dextran may therefore be an acceptable 
alternative if an oral adjuvant is required- However 
for practical applications where bacterial rather than 
soluble protein antigens are used, oral adjuvants may 

30 not be necessary and would be unlikely to gain 
industry acceptance in intensive production 
enterprises . 

The vegetable oil vaccine failed to stimulate an 
anti-OVA antibody response in serum of the magnitude 



wo 90/07935 



PCT/AU90/000I4 



25 



observed with OVA+FCA. However since the vaccine is 
targeted at producing a local response in the 
intestine the circulating levels of antibody are 
largely irrelevant. 

5 The most appropriate site to measure antibody 

responses would be in intestinal secretions since, 
based on results in Table 6, an IgA-specific AOCC 
response was produced in the intestinal lamina propria 
following vegetable oil vaccine and these antibodies 

^0 are predominantly secreted into the intestinal lumen 

rather than serum. However no antibody responses were 
detected in intestinal contents from any animals in 
this experiment, probably because of the high rate of 
dilution of intestinal secretions with food and other 
digestive fluids. 

However, on the histological evidence these data 
confirm that an M.bovis adjuvanted vegetable oil 
vaccine administered by IP injection can produce an 
effective IgA-specific anti-OVA response in the 

20 intestine of pigs, provided appropriate oral challenge 
occurs, and that this is achieved without peritoneal 
lesions or side effects. 

E2ASEELE_3: 

25 5 serotypes of E . col i expressing selected O and K 

antigens (0141, 0149, 0157, 08(67) and K81) were 
chosen on the basis of their incidence in field cases 
of the postweaning enteritis syndrome and incorporated 
into a vegetable oil vehicle. The resulting vaccine 
(-pentovax-) has been administered IP to suckling pigs 
in commercial piggeries to assess its ability to 
stimulate immunity in the postweaning period against 
E.coli enteritis. Similar studies conducted under 
commercial conditions with a vaccine based on FCA had 

35 



demonstrated potential for an IP vaccine to influence 
growth rates recorded later in the growth curve 
(Husband and Seaman, 1979). In addition to observing 
effects during the acute postweaning period/ it was 
also important to follow production parameters during 
the entire growing period. 

Although oral dosing has been shown to enhance the 
response of IP vaccinated pigs to OVA/ it was 
considered impractical to incorporate oral vaccination 
steps into routine management systems in commercial 
piggeries, and, in any case, if enteric pathogens were 
endemic in a piggery environment a continuous oral 
challenge would occur naturally. Thus in the field 
trial presented here only IP immunizations were given. 

A. MATERIALS AND METHODS: 
A. 1 Vaccine Preparation 

a. Bacteria 

1. Inoculate nutrient broth tubes with bacteria from 
agar stock slopes of the appropriate serotype and 
incubate overnight at 37**C. Verify the purity of 
the culture by gram stain. 

2. Subculture broth cultures onto blood agar plates 
and incubate for a further 18-24 hours at ST^'C. 
Verify the purity of the culture again by gram 
stain. 

3. Harvest bacteria into formalized saline (0.3% v/v 
paraformaldehyde in phosphate buffered (pH 7.3) 
saline) and incubate overnight at 4*C. At the end 
of this period inoculate the bacterial suspension 
onto blood agar plates to ensure sterility. 
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4. Adjust bacterial suspension photometrically to 
12 

10 organisms per ml and then precipitate by 
addition of 3.0 ml aluminium potassium sulphate 
(10.0% w/v) and 1.5 ml potassium hydroxide (7.4% 
w/v) per 100 ml of bacterial suspension. Allow 
the suspension to stand for 1 hr at room 
temperature then store at 4**C prior to use. 

b. Vaccine 

1. Combine equal volumes of precipitated bacterial 
suspension and saf flower oil- 



2. Add heat killed Mycobacterium bovis at the rate of 
0.25 mg/ml of oil/bacteria mixture. 

15 

3. Add phosphatidyl choline (lecithin) at the rate of 
10.0% v/v. 



4. Emulsify by repeated syringing or high speed 
blending until a stable viscous emulsion is 
achieved . 



5. Store in sealed containers at 4°C until use. 
Shake well before and during use. 

A. 2 Protocol 

The general protocol is outlined in Table 9. Most 
piggeries use in-feed antibiotics as growth promoters 
and also to reduce the incidence of diseases such as 
postweaning enteritis. 



35 
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TABLE 9 - "PENTOVAX" FIELD TRIAL PROTOCOL 



Day 0 



BIRTH 



I 
I 

Day 10 IMMUNIZE (Inmunlze half of each litter 

(2 ml Pentovax QR In«nun1ze alternate litters) 
Intraperitoneal) 



Record mortality Day 21 
scouring & 
treatments 
daily 



1 



Day 60 



WEANING 



<- - 



<-- 



Weigh (either individually if 
half -litter controls used 
QR weigh whole litter and 
obtain average) 

Weigh 



Day 90 



< — Weigh 



Day 120 



<-- Weigh 



Day ? MARKET <— Weigh 



(NB: All times are approximate and may be varied to suit management 
practices! . 



SUBSTITUTE SHEET 



29 

RESULTS AND DISCUSSION 

A preliminary trial was established primarily to 
establish the safety of the vaccine under commercial 
conditions but also to assess protection in an acute 
situation covering 10 days post weaning. 

A total of 961 pigs were included in the trial and 
were allocated to vaccinated or control groups on a 
whole litter basis. The vaccinated group contained 
439 pigs and the control group contained 522 pigs. 
The pigs were derived from 4 different breedin^j 
units- All pigs in this trial received a variety of 
in-feed antibiotics during the trial. Units 1, 2 and 3 
receiving Bayo 100/Ki t amycin 100/Auromycin 400 in feed 
and Unit 4 receiving Lincomycin in feed. Mean data is 
shown in Table 10. 

All units except Unit 3 showed either improved 
results or no effect. The failure in Unit 3 may have 
been due to unusual disease burden or incorrect 
vaccine administration although these possibilities 
could not be confirmed. In any case mean data are 
calculated with and without Unit 3 data (Table 10). 
The low overall mortality figures indicate that during 
the period of this trial postweaning enteritis was not 
a problem in these units. The low mortality also 
establishes that the vaccine is safe and verbal 
reporting indicated no adverse symptoms in pigs after 
vaccination . 

The low incidence of disease could have been 
attributable in part to the use of in-feed antibiotics 
but managment preference precluded their withdrawal in 
this trial. In any case it is anticipated that 
mortality and morbidity in the immediate postweaning 
period are not the only parameters which may benefit 
from vaccination and weight gain data over the entire 
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growing period may have been advantaged but this was 
not assessed in this trial. 
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TABLE 10 - Mean mortality and morbidity due to enteritis In 

pigs vaccinated with "Pentovax" as a single IP dose 
(2,0 ml) at 10 days of age and weaned at 20 days of 
age. The trial covers a period of 10 days 
postweanlng. 



MEAN OF Al I IINTTS 

Control Vacci nated 



No. Pigs 


522 


439 


% Diarrhoea 


10.34 


10.93 


% Diarrhoea X days treatment 


18.01 


17.54 


% Mortality 


0.96 


0.68 


MEAN DATA FXfl liniNfi IINTT ? 


Control 


Vaccinated 


No. Pigs 


401 


341 


% Diarrhoea 


11-97 


9.38 


% Diarrhoea X days treatment 


20.45 


14.37 


% Mortality 


1.25 


0.00 



°^«ST.rUTH SHEET 



wo 90/07935 3 2 PCT/AU90/000I4 

an aaaitlonal trial was established incorporating medicated and 

unmedicated feed groups. This trial was conducted in two breeding units 

comprising 329 and 344 pigs respectively. The results are presented in 

Tables 11 and 12. 

The features of this data are as follows: 

1. As with all previous field trials there is an extremely low incidence 
of enteritis in any of the groups (only 4 deaths due to 
gastroenteritis out of a total of 673 pigs). Consequently there is 
very little effect of vaccine on mortality or morbidity under these 
conditions. 

2. Considering the medicated feed groups only, there was no advantage in 
the vaccinated groups with respect to weight gain over the first 8 
weeks postweaning but it should be emphasised that a weight gain 
advantage would not be expected to be reflected in this period but, on 
the basis of data obtained from a previous trial with a vaccine based 
on FCA adjuvant (Husband & Seaman 1979), this would be expected to 
occur as a catch-up effect when pigs are weighed later in the growing 
period. 



3. There was a difference among the Plain Feed groups in % Total Weight 
Increase (ie. total weight of each group expressed as percentage of 
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total weight at weaning, a figure which reflects weight gain and 
mortality effects) between vaccinated and control. This was most 
pronounced in Unit 2 at the 8 week period. If this were scaled up to 
the normal monthly output of around 1,000 pigs it would be reflected 
in a one tonne increase in live weight which would be of significant 
economic benefit. These data indicate that the sub-clinical E.col i 
pfoblem is only being controlled by the use of in-feed antibiotics. 



4. No adverse side effects were reported in any vaccinated pigs. 
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TABLE 11 

Field Trial No. 3: Mortality, morbidity and weight gain to 8 weeks 
postweaning in unvaccinated pigs or pigs vaccinated with "Pentovax" IP 2 
weeks pre-weaning. 



UNIT 1 DATA Vaccinated Control 



Medi- Plain Medi- Plain 
cated feed cated feed 

feed feed 



No. pigs 81 


80 


84 


84 


Total wt. at weaning (kg) 986 


986 


921 


921 


Av. wt. at weaning (kg) 6.12 


6.12 


5.50 


5.50 


No. Dias treated for scour (1st 10 davs 


after weaning) 






No. Pigs X Days Treated 0 


12 


0 


3 


No. deaths 








Total 1 


1 




6 


No. deaths due to enteritis 0 


0 


0 


3 


Weiqht Data - Weanina to 4 wks Postweanina 






Total wt. (kg) 1400 


1094 


1440 


1040 


Av. wt. (kg) 17.5 


14.39 


17.35 


12.68 


Av. wt. gain (kg) 11.38 


8.27 


11.85 


7.18 


% Total wt. increase 142 


110 


156 


112 


Weiqht Data - 4 wks Postweanina to 8 wks 


Postweanina 






Total wt. (kg) 2264 


2338 


2950 


2050 


Av. wt. (kg) 30.2 


30.89 


30.15 


29.38 


Av. wt. gain (kg) 12.70 


16.40 


12.70 


16.70 


% Total wt. increase 230 


237 


320 


222 
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Field Trial No. 3: Mortality, morbidity and weight gain to 8 weeks postweaning 
"Pentovax" IP 2 weeks pre-weaning. 



UNIT 2 DATA 



Vaccinated 



Control 





Medi- 


Plain 


Medi- 


Plain 




cated 


feed 


cated 


feed 




feed 




feed 




No. pigs 


82 


88 


... 

86 


88 


Total wt at weanina Iko) 


981 


981 


962 


962 


Av wt at weanina fka) 


5.77 


5.77 


5.53 


5.53 


Nn nifK tvpatpH fnr ^cniiv fist 


10 days after weaning) 






no. rigs A Udjro licaLcU 


6 






i c 


No. deaths 










Total 


3 


2 


1 
1 




No. deaths due to enteritis 


1 


0 


n 
\i 


n 

V 


Weiaht Data - Weanina to 4 wks 


Postweaninq 






Total wt. (kg) 


1272 


1218 


1428 


1210 


Av. wt. (kg) 


15.7 


14.16 


17.20 


13.75 


Av. wt. gain (kg) 


9.93 


8.39 


11.67 


8.22 


% Total wt. increase 


130 


124 


148 


125 


Weiqht Data - 4 wks Postweanina to 8 wks 


Postweanina 






Total wt. (kg) 


2536 


2610 


2718 


2148 


Av. wt. (kg) 


32.50 


27.86 


32.70 


28.60 


Av. wt. gain (kg) 


16.80 


13.60 


21.00 


14.80 


% Total wt. increase 


259 


266 


282 


223 
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KXAMPLE 4 : 

The following examples demonstrate that the IP 
method of vaccination using the M.bQvis adjuvanted 
vegetable oil based vaccine will protect pigs in an 
environment where they are continually challenged by 
lviY«; 70pla^ ma hvopnf^""'""^ • 

A. MATERIALS AND METHODS: 

! ?^-^irlv Herd : Investigations were undertaken in a 

1950 sow intensive piggery located in central-western 
NSW. The herd consisted of four units of 
approximately 500 crossbred sows and their progeny. 
Commercially pelleted diets were fed ad libitum. 
Diets, stocking densities, pen sizes and shed 
15 ventilation have been previously published (Sheldrake 
et al, 1989). The herd was selected because it had a 
recurrent problem with pneumonia. During 1987/88, 
about 50% of all post-weaning deaths were attributed 
to pneumonia. Abattoir monitoring over the same 
period showed that 62% of pigs had pneumonic lesions 
with an average affected lung volume of 4.5%. 

rnhort Sf^Tpction and Management: Sixty six pigs 

from nine 4 week-old litters in one unit were weaned, 
weighted, ear tagged and randomly allocated on a 
litter and weight basis to three equally-sized 
groups. Pigs were excluded from the study if they 
weighed less than 6 kg or were suffering clinical 
illnesses such as arthritis. Group 1 (Medicated) was 
fed a medicated ration whereas Groups 2 and 3 
(Vaccinated and Control respectively) were provided a 
non-medicated diet. Pigs were not given antibiotics 
either therapeutically or prophylactically other than 
those shown for Group 1. Physical segregation was 

35 
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maintained between Group 1 and the remaining two 
groups (which were randomly allocated into two pens) 
throughout the study, although pigs had through fence 
contact, and as well through fence contact with 
5 adjoining groups of pigs in the piggery. Surviving 
pigs were slaughtered at 163 days of age. 

Data Collection : Monitoring commenced at weaning 

when pigs were weighed and blood sampled, and 

10 evaluated for clinical illnesses by the same 

veterinarian. These measurements were repeated every 
4 weeks until slaughter. Final assessments were made 
4 days prior to slaughter and the last blood sample 
was collected at slaughter. Carcass weights were 

15 determined after slaughter . 

Vaccine Preparation : M , hyope numoni ae (J strain) 

was cultured in broth (Friis, 1977) by rotating 
continuously at 37**C until the change in pH resulted 
20 in the medium being honey coloured. The broth 

cultured was centrifuged at 10,000 g for 20 min. The 
pellet was subsequently washed 3 times in Tris 
buffered saline (TBS) (pH 7.4) in a similar manner. 
The pellet was brought to a volume of 30 ml and 
25 formalin added to give a final concentration of 2%. 
The sample was stored overnight at 4*C and washed 3 
times in TBS as described above. The wet weight of 
the pellet was determined and a concentration of 
0-00866 g/ml TBS resulted. A 60 ml volume of this 
30 material was then emulsified with an equal volume of 
vegetable oil and M.bovis as described in Section 
A. 1(6) . 
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VAf-f7inat j r? P Procedure ; Twenty two pigs (Group 2) 

were vaccinated intraperitoneally at weaning (4 weeks) 
with a volume of 5 ml of the emulsified vaccine. 
These animals were vaccinated again 4 weeks later. 

5 

pamole Cnngction and S torage; Blood samples (5 - 

10 ml) were collected from the anterior venacava or 
jugular vein into heparanized containers. Plasma was 
obtained and stored at -20'C until required for 
10 assaying. 

f ny.vmf»-Link*»d Tmmu no so r be nt A S59Y (EL I SA) : 
Antibody to M.hvopneiimQniae in plasma was determined 
using an enzyme-linked immunosorbent assay (ELISA) . 
15 Briefly, 96 well microtitre plates (NUNC, Copenhagen, 
Denmark) were incubated overnight at room temperature 
containing 100 M-l of a purified fraction obtained 
from M.hvonneiiTnoniae (Strain J). Subsequently, they 
were washed 8 times in Phosphate buffered Saline (PBS 
20 pH 7.2) containing 0.05% Tween 20 (ICI, Australia). A 
volume of 100 M-l of 10% goat serum in PBS/Tween 20 
was applied to the wells for 1 hr at room temperature 
and the plates washed as described above. Test sera 
were diluted twentyfold in PBS-Tween 20 containing 10% 
25 goat serum, and a volume of 100 \il applied in 

duplicate wells. Plates were allowed to incubate for 
two hours at room temperature before washing as 
described above. Shepp anti-pig (IgG) conjugated to 
Horse radish peroxidase (HRP) (Silenus Laboratories, 
30 Melbourne) was applied at a dilution of 1/500 in PBS 
Tween 20 with 10% goat serum and incubated for 1 hr at 
room temperature. After further washing the substrate 
2,2'Azino Bis (3 Ethylbenzthiazoline-6-Sulphonic acid) 
Diammonium salt (ABTS) (Sigma, St Louis, MO.) was 

35 
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applied. The plates were read at 405 nm, after 10 min 
of development at room temperature using a Titretek 
Plate Reader (Flow Laboratories, Scotland), In the 
ELISA/ all plates had four wells in which the test 
5 serum was replaced with a standard negative serum, 

obtained from pneumonia free pigs, and a further four 
wells with a positive serum, obtaining from herds 
known to be endemically infected. 

10 xmmunof iMorescent Stgining Procedures: immediately 
after slaughter 0.5 cm cubes of tissue were collected 
from the lung areas adjacent to pneumonic lesions. 
The tissue was placed in 100% ethanol at 4**C, and 
processed through xylene and embedded in wax according 

15 to the method of Sainte-Marie (1962). Sections were 
cut to a thickness of 4|X, amd were processed through 
xylene and alcohol (Sainte-Marie, 1962). To determine 
the presence of M . hvopneumoni ae or M. hyorhinis . rabbit 
antisera directed against these organisms was applied 

20 to separate sections, and allowed to incubate in a 

humid environment for 1 hr at room temperature. The 
sections were then washed in PBS and incubated with 
goat anti-rabbit f luoroscein isothiocyanurate (FITC) 
conjugated (Miles Laboratories, Melbourne), under 

25 similar conditions. The sections were further washed 
in PBS for an hour before examination for 
immunof luorescence . 

Clinical Assessments and Pneumonic lesions: To 
30 quantify the amount of coughing, pigs were mixed and 
forced to exercise for 30 seconds. The during of 
coughing was recorded for each pig over the following 
3 minutes. Pigs that died during the field study were 
necropsied and a likely cause of death established. 
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Pneumonic lesions in slaughtered pigs or in pigs 
dying during the study were recorded diagramatically 
and scores calculated according to the method of 
Goodwin et al (1969). The incidence of pleurisy and 
pericarditis at slaughter was recorded. Samples were 
collected from lesions where the aetiologicial agent 
was supected to be bacterial. 

B . RESULTS 

Figure 1 shows the M . hvopne umoniae antibody 
response in the three experimental groups. In 
vaccinated animals there was a significant (P<0.001) 
increase in the mean ELISA ratio between days 30 and 
60, and this trend continued to day 144 of life. For 
the non-vaccinated medicated group and control group 
the ELISA ratio remained constant until day 115 of 
life when for both groups the ratio increased 
significantly (P<0.001). It increased further by day 
144 (PcO.OOl) but then remained constant. 

At day 60 and for each sampling thereafter, the 
mean ELISA ratio for the vaccinated group was 
significantly greater (P<0.001) than for the 
non-vaccinated (medicated and control) groups. There 
was no significant difference between ELISA ratios for 
these two groups at any time. 

The body weights for animals in the three groups 
are presented in Figure 2. Because of the range in 
body weights within groups the standard deviation of 
the mean for each group is high and this masks 
relative differenc s among groups. In Figure 3 the 
weights are expressed as a percentage increase over 
the preceeding observation. They show that between 
days 30 and 60 the vaccinated group gained 
significantly less weight (P<0.01) than the medicated 
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or control groups. However, between days 60 and 144 
the vaccinated group gained significantly more weight 
(P<0.05) than the medicated or control group or both 
groups (days 86-115). 

5 The descriptive statistics calculated for lung 

scores (Goodwin et al 1969) (Table 11) show that in 
the vaccinated group the mean lung score is 
significantly lower than the value of the medicated or 
control groups (P<0.05). The incidence of pleurisy 

10 and pericarditis and the number of lungs in which 
M, hvopneumoniae could be detected by 

immunofluorescence are shown in Table 12. All lungs 
were also assessed for M. hvorhinis by 
immunofluorescence, but no positive reactions were 

15 observed. Clinical assessments at regular intervals 
throughout the experimental period showed little 
difference among groups and there were no significant 
trends. Bacteriological examination of cultures from 
lungs indicated a similar distribution among groups, 

20 although two isolates of fret inobaci 1 lus (Haemoohi lus) 
Pleuropneumonia (serovar 7) were detected in the 
vaccinated group and one in conjunction with 
Pasteurella multocida in the medicated group. There 
were 5 isolates of p. multocida in the control group, 3 

25 in the medicated and one in the vaccinated group. 
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TABLE 13 - Range, Median and Mean ! SO of Goodwin Lung Scores 
determined at slaughter 



Group 



Range Median Mean 



SO 



No. of Pigs 



Vaccinated 0-16.5 1.0 
Medicated 0-55 3.5 
Control 0-38 3.5 



2.64a 4.27 
9.36b 14.00 
lO.Sbi 12.40 



21 
22 
21 



a-b 
a-bi 



significantly different using Student's t test, P<0.05 
significantly different using Student's t test, P<0.01 
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TABLE 14 - Number of animals with pleurisy or pericarditis at 
slaughter or with m hynpnpijmnniap as Judged by 
immunofluorescence. 





Pleurisy 


Pericarditis 


M hynpnPiimnnlj^P 
by IMF 


No. of lungs 
examined. 


Vaccinated 


5 




Id 


21 


Medicated 


9 


pa.b 


5de 


22 


Control 


5 


Ob 


8*c 


21 



Superscripts indicate significant difference in the distributions for 
pericarditis and presence of Mhynpnp umnniag between vaccinated and 
control groups using x2 analysis; a-b, (P<0.025); d-e, (P<0.005). 



* Only 20 lung sections were examined. 
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C. DISCUSSION 

Following intraperitoneal vaccination at weaning 
and again 4 weeks later with formalin killed 
MhvQoneumoniae the ELISA ratio was elevated at day 60 
5 and continued to rise until day 144. Animals in the 
vaccinated group had significantly lower pneumonic 
lung scores at slaughter (Table 11) and a greater 
proportion of animals with lung scores less than 5 or 
20. It appears likely that the elevated levels of 
10 antibody present in serum reflected an increased level 
of antibody in respiratory tract secretion although 
this was not measured. Results from previous 
experiments (Sheldrake 1989 a, b) in which a similar 
immunization strategy was employed with ovalbumin as 
15 the antigen indicated that antibody levels in both 
serum and respiratory tract secretion (RTS) were 
elevated. This antibody was of both the IgG and IgA 
classes in RT'S and serum. The anti-ova Ibumin IgA in 
RTS was probably produced by a large population of 
20 antigen specific IgA plasma cells underlying the 

tracheal lamina propria induced by the IP immunization 
and tracheal challenge. It is likely that in this 
study both serum derived and locally derived 
^r^^ \ , liyopneumoni ae antibody found its way to the 
25 lung and trachea following IP immunization and the 

respiratory tract challenge provided by the colonizing 
M i hYf^P"g""^Qrii ae . 

The results show that lung pathology can be 
reduced following vaccination in a commercial herd 
30 under natural conditions of infection. This supports 
the early observations of Lannek and Bornfors (1957) 
of reduc d lung pathology in animals previously 
showing symptoms of pneumonia. While the challenge 
experiments of Goodwin (Goodwin et al 1969, Goodwin 
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and whittlestone 1973) indicated protection was 
possible when the antigen was prepared in adjuvant, in 
a later study Goodwin (1973) could find no evidence of 
protection under field conditions. 
^ While the vaccine appears successful when judged 

by the degree of pneumonic lung score at slaughter, 
the definitive assessment of any field vaccine for 
pneumonia control must be slaughter weight. In this 
trial there were no significant differences among 
groups in body weights just prior to slaughter (Figure 
2) * This is clarified by Figure 3 which shows that in 
the period 30 to 60 days the vaccinated group gained 
significantly less weight than the medicated or 
control groups. It is possible that the 5 ml vaccine 
dose at 4 weeks of age inhibited the growth rate. 
During the second 30 day period following the second 
vaccination, this check in growth rate was not 
evident. In the third 30 day period the growth rate 
of the vaccinated group was significantly greater 
(P<0.05) than that of the medicated or control groups. 



20 



EXAMPLE 5; 

The aim of the present example was to repeat the 
work described in Example 4 but to try and overcome 
the growth depression which occurred after 
vaccination. To achieve this the vaccine volume was 
reduced to 2ml, although the antigen load remained the 
same- Pigs were vaccinated in a similar manner and at 
the same times. At the commencement of the trial 
there were 66 vaccinated pigs, 198 non-vaccinated pigs 
and 132 medicated pigs. The piggery was the same one 
as described in Example 4. 
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A. RESULTS 

The results in Figure 4 show antibody titre 
results for the three groups. In the vaccinated group 
antibody levels were elevated after about two months. 

5 In Figure 5 is presented the weaning to slaughter 

mortality data. In the non-vaccinated group this 
represented a cumulative percentage of 21% which was 
significantly higher than the level of 10.6% for 
vaccinated or 9.1% for medicated pigs. For the last 

10 two groups there was no significant difference. 

Table 13 presents the mean Goodwin Lung Score 
Data. Overall, there were no significant differences 
among the groups - 

Figure 6 represents the mean body weight data for 

15 the three groups from weaning to slaughter. At 

slaughter the mean body weight of the medicated pigs 
was approximately 6kg greater than the vaccinated or 
non-vaccinated controls • 

20 



25 



30 
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TABLE 15 - Mean + SD of Goodwin Lung Score and Pleuropneumonia 

Index (PI) 



Treatment Goodwin's PI 

Lung Score 



Medicated 



Mean 



SO 



Number 



7.47 
9.20 



117 



0.25 
0.62 
117 



Non Vaccinated Mean 



SD 



Number 



7.80 



10.20 



154 



0.30 
0.67 
154 



Vaccinated 



Mean 



SD 



Number 



10.15 
10.80 
56 



0.25 
0.60 
56 



There was no significant difference in mean lung scores or PI as judged 
by Student's t test. 
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B. DISCUSSION 

The results from this study highlight that 
vaccination is able to substantially influence 
M - hvopneumoni ae antibody levels in serum. In this 

5 study however antibody levels increased to a level of 
only about a quarter of that observed in the previous 
study (Example 4) at 80 days. It is at this point and 
shortly after that pigs are becoming infected. Thus 
the lower levels of antibody in serum detected in this 

10 study probably accounts for the lower level of 

protection, as judged by Goodwin Lung scores compared 
with the results attained previously (Example 4). 
However, it should be noted that in the vaccinated 
group which received no medication, weaning to 

15 slaughter mortality was similar to that of the 

medicated non-vaccinated group. Moreover, while the 
vaccinated group weighed less at slaughter than the 
medicated group, no growth depression was observed 
following vaccination. Thus suggests that the smaller 

20 vaccine volume may have been less irritant, but on the 
other hand appears not to have maximized the antibody 
response. 

It should be emphasized that in this piggery 
medication was extremely high, being 800g 

25 oxytetracycline/tonne in the finisher stage pigs. 
Thus, the reduction in mortality achieved by the 
vaccine when compared to this level of medication is 
quite considerable. Similarly with the growth 
curves. Thus it is likely that despite the lower 

30 slaughter weight in this herd vaccination may still be 
more cost-effective when the cost of medication is 
included. 
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CLAIMS 

1. A vaccine composition for intraperitoneal 
administration to stimulate an IgA response, 
comprising an ant igenically active substance in a 
vegetable oil vehicle, and optionally an adjuvant. 

2. A composition according to claim 1, wherein 
said vegetable oil vehicle comprises safflower oil. 

3. A composition according to claim 1 wherein 
said vegetable oil vehicle comprises sunflower oil. 

4. A composition according to claim 1 or claim 2 
or claim 3, wherein aaid adjuvant is selected from the 
group consisting of saponin, purified mycobacterial 
cell wall extracts (MDP) or killed mycobacterium. 

5. A composition according to claim 4, wherein 
said vegetable oil vehicle is safflower oil and said 
adjuvant is killed M.bovis or MDP. 

6. A composition according to claim 4 wherein 
said vegetable oil vehicle is sunflower oil and said 
adjuvant is killed M.bovis or MDP. 

7. A composition according to any preceding 
claim, in the form of a stable vegetable oil-in-water 
emulsion and further comprising an emulsifier. 

8. A composition according to claim 7, wherein 
said emulsifier is phosphatidyl choline. 
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9. A composition according to any of the 
preceding claims wherein the antigenically active 
substance comprises E.coli antigens- 

10. A composition according to any of claims 1 to 
8 wherein the antigenically active substance comprises 
M.hvopneumoniae antigens. 

11. A composition according to any of claims 1 to 
8 wherein the antigenically active substance comprises 
S . tvphimur ium antigens. 

12. A method of stimulating an IgA response in an 
animal which comprises intraperitoneal administration 
to said animal of a vaccine composition according to 
any one of the preceding claims. 

13. A vaccine composition for stimulating 
protective immune response against post-weaning 
enteritis in pigs, which comprises an emulsion of 
killed E.coli in a safflower or sunflower oil vehicle, 
together with an adjuvant selected from killed M. bovis 
or MDP. 

14. A method of stimulating a protective immune 
response against post-weaning enteritis in pigs, which 
comprises intraperitoneal administration to said pigs 
of a vaccine composition according to claim 13. 

15. A vaccine composition for stimulating a 
protective immune response against enzootic pneumonia 
in pigs, which comprises an emulsion of killed 

M . hvopneumoni ae in a safflower or sunflower oil 
vehicle, together with an adjuvant selected from 
killed M. bovis or MDP. 
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16. A method of stimulating a protective immune 

response against enzootic pneumonia in pigs, which 
comprises intraperitoneal administration to said pigs 
of a vaccine composition according to claim 15. 
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Figure 1: The effect of time on EL2SA ratio for animals In 
the vaccinated (•), medicated (o), and control (i) 
groups. ELISA ratio Is defined In the text. Bars 
Indicated standard deviation. 
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Figure 2: The effect of time on body weight for anlnals In 

the vaccinated {•) , medicated ( o ) , and control ( a ) 
groups. Bars Indicate standard deviation. 
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Flguxe 3: Relative changes In body weight for five time 
periods for animals In the vaccinated {m), 
medicated (D), or control groups (a). Differ nt 
letters Indicated significant difference among 
groups within time periods using Student's t test 
(P<0.05). Bars Indicate standard deviation. 
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